L ITTLE IS KNOWN about the fate of pancreatic enzymes after they enter the intestine.
In this study the amount of certain pancreatic enzymes in the contents of the small intestine of rats . was measured in the fed and fasted states and at various intervals after diverting the flow of pancreatic juice from the intestine to the exterior of the body.
MATERIALS AND METHODS
Animals. Male and female rats from our own colony (Long-Evans strain) weighing between 2 I o and 3 I o g were used. Except where otherwise noted, the rats were fed, ad libitum, a commercial food (Lab Blox, Wayne). Diversion of pancreatic juice to the exterior. Under ether anesthesia, the common bile duct was ligated above the pancreas and was cannulated with a polyethylene tube at its entrance into the duodenum (I).
In the rat all of the pancreatic ducts enter the common bile duct. Preliminary studies had shown that these conditions gave maximal activation of the enzymes, Preparation of intestinal washings. Under ether anesthesia, the abdomen was opened, the duodenum was transected just below the entrance of the common bile duct, and the entire small intestine from this point distally was removed by pulling it from its mesenteric attachment. The ileum was transected at its j.unction with the cecum. The small intestine was divided into four segments of equal length. The end of each intestinal segment was slipped over the tip of a glass syringe and 5 ml of cold 0.9 % NaCl solution was flushed through.
The washings were collected in test tubes which were stored in an ice bath until used for enzyme determinations.
To test the adequacy of this washing procedure, in four rats a second flushing with an additional 5 ml of saline was done on each intestinal segment. results in this section refer to the enzymatic activity of the entire small intestine, calculated by adding the separately determined activities of the four quarters. In rats fed until the time of sacrifice the enzyme content of the entire small intestine was equivalent to less than I ml of the collected juice. Fasting for 26-32 hr reduced the levels of chymotrypsin and lipase activities significantly (P < 0.05) but did not affect trypsin activity. Fasting for g6 hr produced a decrease in trypsin activity (P < 0.05) and a further decrease in chymotrypsin and lipase. Refeeding for I hr after fasting for 96 hr resulted in a return of all three enzymes to or near levels found with continuous feeding. The rats in which diversion of pancreatic juice was performed were fasted for 24 hr before the diversion, so they should be compared with the group fasted for 26-32 hr but without diversion (Table  I , line 2). Variation in duration of fasting between 26 and 32 hr did not produce significant changes in enzymatic activity of the intestinal washings.
With pancreatic juice diverted from the intestine for 2 hr, a marked fall in the levels of all three enzymes occurred, trypsin having fallen to 40 % of control level and chymotrypsin and lipase to less than 15 % of control.
Progressive decreases continued with the 4 and 8 hr of diversion and at 16 hr of diversion the levels of all three enzymes were less than 0.2 % of their corresponding control levels. The sham-operated rats also showed a marked fall in the levels of intestinal enzymes at all periods of observations (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) hr) but never fell to levels as low as those seen in the rats with diversion of pancreatic juice.
feces as units per gram wet weight. The principles of these methods for determining trypsin and chymotrypsin are discussed by Neurath and Schwert (2). The method for determination of lipase was devised in this laboratory and has not been described previously.
RESULTS
Pancreatic juice. Pancreatic juice was diverted from the intestine to the exterior for 2, 4, 8, or 16 hr, using five time period. During the diversions lasting flow of juice was too small to measure, The rats for each 2 or 4 hr the total volume ml. For the for the 8-hr I 6-hr series series varied from 0.2 to o.g the total volume varied from 3. I to 4.6 ml with a mean of 4. I ml. ,The enzyme activities of the juices from the 16-hr series were measured and gave the following means and ranges, expressed as units . As noted above, the flow ,of pancreatic juice was meager in the first 8 hr after operation. It may be assumed that a similar suppression of pancreatic secretion occurred in the sham-operated rats and that this was responsible for the low levels of enzymatic activities in the intestinal washings.
Intestinal washings. recovery of instilled pancreatic juicy. Four rats were fasted for 24 hr and then had diversion of pancreatic juice to the exterior for an additional 24 hr. One milliliter of the collected juice was instilled into the duodenum through a polyethylene tube which had been inserted into the duodenum at the time of cannulation of the common bile duct. Ten minutes after introducing the pancreatic juice, the animals were anesthetized with ether and the entire small intestine was removed and flushed with saline, as described above. Enzyme determinations were made on a portion of the pancreatic juice which had been instilled and on the intestinal washings. The enzymatic activities of the samples of pancreatic juice were similar to those reported above. The recovery of enzymes in the intestinal washings, expressed as percentage of the amount instilled in the form of pancreatic juice, was 66-75 % for trypsin, I 8-44 % for chymotrypsin, and 8-x 8 % for lipase. Intestinal washings. distribution of enzymes in segments of small intestine. The results in this section refer to the determinations made on the intestine divided into four equal portions, numbered 1-4 from above downward. The most striking finding was that for all three enzymes studied the enzymatic activity of the lower half of the small intestine was greater than that of the upper half (Table 2, Fig. I ). The amount of tryptic activity showed a progressive increase in successively lower segments, the fourth quarter containing 45 % of the total. For chymotrypsin and lipase, the peak was reached in the third quarter which contained 39 % of all the chymotrypsin present in the small intestine and 43 % of the lipase. Fasting produced only slight changes in the distribution of the enzymes along the intestine, although the total amount of chymotrypsin and of lipase, but not of trypsin, was reduced ( for the fourth quarter of the intestine of the x5 rats fasted from 26 to 32 hr. The correlation coefficients were : trypsin 0.90 (Fig. 2) , chymotrypsin 0.75, and lipase 0.67 (P < 0.01 for each of the three).
Enzymes in feces. Samples of recently passed feces were collected from 15 intact rats while they were feeding ad libitum.
All samples contained readily measurable amounts of all three of the enzymes studied. Ratios of activities of the seueral en<ymes. To examine the relative amounts of the individual enzymes present at various sites, the ratio of chymotrypsin to trypsin activity and of lipase to trypsin activity was calculated (Table 3) . A progressive fall in these ratios was seen from pancreatic juice down through the successive quarters of the small intestine. The ratios in feces were similar to those in the fourth quarter of the small intestine.
In v&o degradation of enzymes. Four samples of intestinal washings were placed in a water bath at 37 C. At the end of 2 hr the mean activities expressed as percentage of activity at 0 time were: trypsin 56 %, chymotrypsin I 8 %, and lipase I 5 %. DISCUSSION A striking finding of the present study is that the amounts of pancreatic enzymes in the lower half of the small intestine exceeded those in the upper half. BorgStrom et al. (3) studied the concentration of pancreatic enzymes in samples of intestinal contents obtained from human subjects. They found the highest concentrations in the upper portion of the small intestine, with a tendency for a secondary rise at lower levels. They interpreted this rise in the lower portions of the small intestine to mean that absorption of fluid had resulted in higher concentrations of enzymes although, they assumed, the total amount of enzymes was less. The present study, in which amounts rather than concentrations of enzymes were measured, clearly demonstrated that in the rat the largest amounts are in the lower segments. This seeming paradox contradicts the a priori idea that a progressive fall in amount of enzymes occurs from the point of delivery of the enzymes into the intestine to the successively lower portions
